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In 1958the National Air Sampling ne:work
W the U.S, Public Health Service disclosed
‘hat the average chromium concentration of
71 X 10=? micrograms per cubic meter
1pg/m?®) in the air of Baltimore City
was ten tines the national average for the
period 1934-1937.1 Also, the maximuni chro-
imium  concentration (290 X 10=3.g/m*)
for the entire network was collected in
Raltimore City. Because of the association
of ¢hromium compounds with cancer®* a
more detailed investigation was undertaken
in 1959 by the Baltimore City Health De-
partment, It IS the purpose of this paper to
deseribe some of the air-borne chromiuni
concentrations resulting from this study
and to detail the chemical method of analysis
used.

Sample Location, Collection, md Results

Although several probable sources of
emission Of chromium coinpounds .were
known 1D exist in Baltimore. a sampling
station was established closest to a chrome
chemical processing plant because of the
health experience among it workers? In ad-
dition, it was hoped that with scheduled
sampling, offending operations might be
singled OUL and corrective measures insti-

paper tape by means of the A.L.S.T Auwtoe-
matic Smmoke Sampler.® The machine was
adjusted to a two-hour sampling cycle. thus
providing one-inch diameter dust spots each
representing a known volume OI air pre-
viously determined by calibration. The sam-
pled air volume for a two-hour <riod was
approximately 0.7 cubic meter. The steip of
tape containing one week's samples (84
spots) was subinitted weekly for analysis.
The details of the procedure outlined here
are based on this actual work load.

A portion of the data ¢ollected appears in
Figure 1. By plotting the concentratinn
against the daily sanpling interval, the
graph shows not only the avenge concen-
trations for the two-hour perioxls b a solid
black wide line but alss the maximum coa-
centrations for all of the respective two-hour
periods by a narrow litre. It is noted that the
two curves are quite similar anti that the
maximum concentratinn appeared between
1315 and 1515 hours. while the minimum
¢concentration was between 0513 and 0715.
The maior operations of the plant were per-
formed hetween 0700 and 1600 hours. Thare
was a quick build-up of concentraions at
the sampling site focated about 700 feet
from the plant as the major daily operations
began, The falloff after the operations

tuted, ¢eased was Of a gradual nature.
Over a period of two months (July-Au-  Further use of the data appears in Fig- &
gust, 1959) 736 atmospheric dust samples ke 2 where wind direction isplntted against
“Recaived for publication May 20. 1960, average and peak concentrations as well as
Baltimore City Health Department, against the nunber of samples. The maxi-
h:md;‘ the Tmy-S«a& .(\.nmml .\lm; mum ¢nncentratinng, both average as well as
! merican erence OF Goveremental ek, appeared wiren the wind was frotn the
;;‘";;:l Hygienists, Rochester, New York, April (o heast quadrant. fe., from the plant to
Mustrative material prepared by Mr. C. E. Sache,  the sampling station. The dotted curve is in- )
Civi Enginecr, Baltimore City Health Depantment  dicative of the wind directions for the en. '

]

33/311



18.0 ~

>
o
T

10.0 -

> o
& 5 o
I '-l

Cr03 CONC=NTRATION (pg)
re
o
' 1

1.0 r—

¥

o

/|

SONCENTRATIONS

el

i

ONS O35 0SIS 0718 (0915 NS 1318 1518 1715 1915 2115 2318

OIS 0515 O7IS 0918 115 13I8 1518 1715 1918 218 2315 O
DAILY TWO-HOUR SAMPLING PERIOD

Fig. 1.—Aumospheric chrome dust study, 7/1/59-9/1/39. Daily two-hour sampling period.
Fig. 2—Atmospheric chrome dust study, 7/1/39-9/1/39. Wind direction.
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tirc sampling period between July and
, Mugust, inclusive. The wind was predomi-
pantly from the south-southwestern portion
{ the compass, Another interesting facet
Xrrears in that there is a background of
chromium of the order of 0.08,.g. of chromic
acid anhydride, CrO,, for atwo-hour sample,
This is equivalent t0 60 X 10-2ug. Cr/m?
«chromiura as metal) and is in reasonable
agreement With the average chromium con-
centration  Of 70 X 10~%ug/m? of air
veported for the 1957 network for the Baiti-
more Station.

Method for the Determination
* of Chromium

Samples, cut from Ahlter paper tape, are dry
ashed in Pyrex test tubes and then fused with
sodivm peroxide, leached with water, acidified,
and treated with s<fiphenylcarbazide. The pink-
w-violet € d is-read visually against {reshly pre-
pared standards. This color reaction is extremely
serwitive for hexavalent (chromate) chromium,
The test, as a result of ti peroxide fusion, yields
valves for total chromium only. NO attempt is
made to differentiate hexavalent and trivalent
chromium,

This methnd is applicatde in the rance of 0 10
W0uc. CrOs 10010 324 Cry 1t will detect 0 1ac.
oi chromivm (as Cr0) sl will mecasure in
excess of 02xe. CrO); with an acruracy of 1¥:
to 207, The total reacvent Mank ic of *he order
of 0.lgg. tequivalent) CrOn The method is well
alapted to the mass handline of atmacpheric dua
samples. Groupt of £0-100 samples, plus the
nevessary starvlards, controls, and Manks, may e
handled with comparative ease. -

Equipmert and Reagents

Test tubes foe ashine, fusion, etc (Corning No.
9820) without rim, 13 mm. O.D. X 100 mm.

Protective glass tubes, !7 min. O.D. X 90 mm.,
without rim.

Aluminum fumace rack (Fig. 3) for test tubes.

Glass spatula made by softening in the flame
one end of a Pyrex glass rod, 3 run. X 130 nun,
and flattening longitudinally with wile-tipped plicrs.

Muttle furnace with rheustat. pyrometer, and
thermocouple.  Hosking Floctric Mufile Furnace,
FD 204) )

All reagents are Of anmalytical grade.

Sodium peroxide, Na.Oy, granular, 335-40 mesh,
calorific grade.

Sulturic acid, H:SO. approximately 18 N:
Cautiously add 20 ml. concentratest $:S04, 36 N, to
20 mi. Of distilled water. Cool t0 room temperature.

Fig. 3'~Aluminum rack

ORSCRIPTION OF ALUMINUM DIVIDERS
84 STRIPY, CACH: € /2"y 124° g /732°
S STRIPS, CACK 10 3/4%: 174° 4 /02"

Btk ot ol
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s-Diphenylcarlazide solntion’: Dicolve 04 em.

phitalic anhydride in 80 ml 93 ethyl alerdial,
Add %0 me powdieed s-diphenvicartazide (East.
man Organic Chemicals No, 618) and dissolve
completely. Make up to 10 mb with 95% ethy!
alcobol. Store ina brown batle in the refrigerator,
. The solution will be watisfactory for three or four

- dayt. In the range of 00 to 0.3pg. CrO) per
mmple a water<lear reagent free OF yellow color
is nccessary.

Sundard chromium solmbony: Prmre 8 Stok
samdard by dissalving 01471 gm.\ potassium
dichromate, KeCrOy (Natiomal Dur o Stand-
" ards Sample No. 136a), in distilldd ‘water and

make UD tO or liter, Dilute 25 ml, of the stork

standard 10250 mi. to prepare the working standard
_ N which 1 mi.=10pg. CrOs (1f it is preferred
~towork in terms oF Cr, use 02229 gm. KiCrfOe
to prepare cre liter of stock stamdard and proceed
with 3 1:10 dilution to prepare the working
standard in which t mb=10xg. Cr) Store these
solutions in polyethylene bottles,

¢ Analytical Procedure

Identify the dust speds to correspond with the
exact time oF sampling. Cut each spot from the
tape, fold the paper circle twice (dust side in) and
transfer it toa Pyrex glass et tube (13 mm. X 100
men ) supeorted in the aluminum rack Place
the Ak OF tubes in a cod muflle furnace Adjust
the rheostat s that the furnace will reach 60 C
and will be held at this tempersture in cvernight
hating. \vken ashing K complete, remove the
rack of tubes and allow 1D cool to room tempera-
ture, Turmn off the furnace and atlow it to e,

TO the ash of each wumple in its tube add 30-40
me Nady with the small glass ssatula. (Excess
NaOs will vield uasatisfactory turbid solutions.)
Mix by g=uly capping the bextom of the tube.
Return the tubes in the aluminum ¢k to the cool
muffle furnace. Heat 13 mapidly as petsidle to
$S0C, then remove ih¢ rack of tubes and allow
%0 cool 1D reorn temperature. Transfer the tubes
& vegulsr open.base test tube reks for subsequent
chemical treatment and c¢odor matching. Insert
each tube contalning t k fused mass into s pro-
petive ager glass test tube (17 mm X 90 mm.).
This outer tube is ket in plice for the remainder
of €< test. The reacilon tubes muy crach at the
site of the fusion but will usually remain intact
Tathe completion OF h¢ test, aiter which they
are discarded. Rince down the sides 0 the re-
action tube with 30 mL &t distilled water, Cover
and uliow the {Pian to teach overmight,

- Standards, Minks and contrels are treated con-
_ eorrently with the samples. FO these, blank ash
fusions 3¢ prepared by inmiferring a folded one.
inch circle cut from unused \Yhaiman Ne 4 filter
paper tape O cach of 15 Pyrex test tubes (13
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mm, X 100 nim.) for cach 36-40 samples Ach
and fuse with salium peroxide as descnbed above
Place the tules, each with A protective outer tule,
in reqular open-base test tube racks  Transicr
000. 001, 0.02, 003, 303, 007, 010, 0.20, 00,
030, 070, and 100 id. of standard chromium
solution (1 ml.=10ge. UrO)) to tach of 12 hiank
ash fusion tubes, Standard chromium solution up
to 0.05 ml. should be akled with & 30 3 10 lamixia
pipet. The standards represent 00 to 10.0xe. CrO,
per tube, Dilute 10 %0 ml with distiled water
added carefully by pipet to wash clan the sides
of the test tube. Cowver armd allow to lesch over.
night. A total rengent blank and a pexitive controd
should be run with each lot of samples,

To each tube (ie, samples, control, hlank, amd
sandards) add three drops al 18 N HsSO. Care-
fully disperse the leachied mass with a class stirring
rod. Avoid contact with the base of the tube to
prevent breakage. Coresstly acidified  solutions
will turn congo red paper blue-black. Add two
drops of s-diphenylaarbazide swlution to ome-halt
of the number af tuba containing samplss, then
1o each Of the 12 standards, and finally to the
remaining samplecontaining tubes, including blank
and contred,  (TOavoid low readingy from fadine
color in aamples and standards, dO not add
s-diphenylearbazide to more than 3640 samples at
8 time. A iresh set ol color standards is needed
for each such group df samples.) Mix carefully
with 8 flat-head glass rod After 5-10 minutes,
mateh the samples against the standards viewing
vertically in the tube held agzaiast a white back.
ground preferably in north light. Samples con.
taining ress than 0.3s¢. CrOy per tube should be
read within 13 minutes following color-~eagent
addition, [f the color prodived in 2 samople excesds
the highest standard, dilute an aliquex of the treated
sample uiing as the diluent the acidified leach of
8 r=wrrr blank ath futionn Add o= or two
drovd of s-diphenyleartazide solution, mix, and
re-read.

Calculation

A typical calculation of results is shown.
based upon the following data: two-hour
sampling at 13.1 ¢fh produced a dust spot
representing 26.2. cu. ft, of air, Set chro-
mium in the dust simple, as read against
standards and deducting 0.1ug. CrOy blank,
was 0.2ug. CrO,. (0.2ug. CrOy X 333 eu.
ft.)+262 cu. ft. air sample=0.27 ,g.
CrOy/m3, equivalent to 140 X 10-3,p.
Cr/m3,

Comment (Analysis)

Interferences: Only hexavalent molyb-

denum gives a similar violet color with
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pdiphenylearbazide in mineral acid solution,
put reacts much less sensitively than chro-
mium.” Trident iron was NOC present in
sufficient quantity on dust spots tO inters
fere® TOaroid severe contamination by iron
and chromium from scaling of steel ur stain-
Jess steel racks, these were not used in fur.
nace ashing and fusion stepe Of the method,
Instead, an aluminum rack (Fig. 3) was
fashioned [0 accommodate 91 test tubes, Nar-
row strips of aluminum sheet (1,7 X 134"
and cut to appropriate lengths) were inserted
in slots tapped into the <ides and ends of an
aluminum baking pan (914”7 X §14” X 37).
A few Pyrex glass rods, S mm. X 150 rm.
placed equidistantly and larerally on \he floor
of the muflle furnace, facilitated movement
of the rack of tubes inand out of the furnace,
Contamination of samples with particles of
refractory material from the wails or door
of the muffle furnace must be avoided. These
refractories may be chrome-bearing. In re-
moving tube from the hot furnace. avoid
contamination with particles of glove as-
bestos which may also K chrome-beuring.

Recovery of CrOs Added to Blank Filter
Puper Circles (Control Samples)

——
—

g CrO, »8 Cr0O, Found Per Cont
Added (Corvected for Rlank) Recovery
[ 3] [J ] 2.
(1] on 208,
(2] ) [ X ] [ 8
[ X] (3} ”,
[ X} (¥} [ Y
[ ¥ .13 18
18 14 ..
] ] . 1.9 ",
. . [ ) 1ns,
L 7} BT »,
Belth o1 oL,

Recovery: Tyjical recovery values for
chromium (as ug. CrQOs) are shown in the
Table.

Summary :

A method js described for the detection

and measurement of microgran quantitics

of chromium in large numbers of atmos-

pheric dust samples collected an tilter paper

tape. The method was applied to a study of
chromium in an urban atmosphere,

Bureau of Laboratories, Baltimore City Health
Department.
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